Cotyledons of developing mustard (Sinapis alba L.) seed have been found to synthesize lipids containing-the common plant fatty acids and very long-chain monounsaturated (icosenoic, erucic, and tetracosenic) and saturated (icosanoic, docosanoic, and The pathways involved in the formation of TG in seeds are subject of some controversy. Thus, the glycerol-3-P pathway (11) has been proposed to be operative in the biosynthesis of TG
Triacylglycerols are the major storage lipids of most oilseeds (2) . The biosynthesis of fatty acids, that are constituents of TG' of such seeds, has been extensively investigated in the past (26) . In the seed tissue, as in photosynthetic leaf tissues, de novo synthesis of palmitoyl-ACP, its elongation to stearoyl-ACP and desaturation to oleoyl-ACP seem to occur on soluble enzymes in the plastids. Oleic acid, derived from oleoyl-ACP, is then activated to oleoyl-CoA, transferred to PC, and desaturated to linoleoyl-PC on membrane-bound enzymes of the cytosol (24, 27, 29) . The mechanism and subcellular site of desaturation of linoleoyl moieties to linolenoyl moieties is not yet fully understood (21) . In seeds of several plants, oleic acid is elongated to very long-chain monounsaturated FA (20:1, 22: 1, and 24: 1) and the chain elongations seem to occur outside the plastid (1, 4, 16- 
18).
The pathways involved in the formation of TG in seeds are subject of some controversy. Thus, the glycerol-3-P pathway (11) has been proposed to be operative in the biosynthesis of TG containing common saturated and unsaturated FA in flaxseed (5) and soybean (19, 25, 30) , and in the seeds of crambe (6) and nasturtium (17) , that are abundant in very long-chain monounsaturated FA, as well as in castor bean (7) which contains large proportions of ricinoleic acid. On the other hand, in linseed and safflower seed, that are abundant in linoleic and linolenic acids, the biosynthesis of TG containing these FA has been suggested to occur from PC via DG (23) . It A part of total lipids was hydrolyzed (10) and the distribution of radioactivity in fatty acids and water-soluble hydrolysis products was measured. The water-soluble hydrolysis products from lipids, extracted from cotyledons incubated with [U-'4C]glucose, were lyophilized and analyzed by paper chromatography (15) Kiewitt, unpublished) showed that seed maturation proceeds with decrease in the levels of palmitic, linoleic, and linolenic acids in total lipids up to 6 weeks after flowering. Concomitantly, the level of oleic acid increases, reaching a plateau at 4 weeks after flowering, which is followed by accumulation of icosenoic and erucic acids and extensive formation of triacylglycerols. The stage of development chosen in this study (6 weeks after flowering) represents the transition from a typically photosynthetic tissue to a lipid storage tissue.
The mustard seed cotyledons were incubated with each of the water-soluble radioactive lipid precursors or radioactive fatty acids listed in Table I and the radioactivity incorporated into acyl lipids was determined. Moreover, the distribution of radioactivity in hydrolysis products of acyl lipids, i.e. FA and watersoluble products, was measured.
The results given in Table I show a much higher incorporation of radioactivity into acyl lipids from acetate than from malonate or glucose. Radioactivity incorporated into acyl lipids from [1-'4CJacetate is located almost exclusively in the acyl moieties, whereas that from [U-'4CJglucose is found overwhelmingly (>80%) in their glycerol backbone. The label from [1-'4C]malonate is also found predominantly in the acyl moieties of lipids, although appreciable labeling of their water-soluble hydrolysis products is observed as well.
Among the various exogenous FA tested, maximum incorporation ofradioactivity into acyl lipids of mustard seed cotyledons is observed with [I-'4C]oleic acid (Table I) . Since acyl-CoAs are obligatory intermediates for the esterification of exogenous FA to acyl lipids, oleic acid seems to be the preferred substrate for acyl-CoA synthetase, as observed in sunflower seed too (12) . Moreover, acyltransferases ( 13, 29) appear to metabolize oleoylCoA preferentially. It cannot be ruled out, however, that the preferential esterification of oleic acid is linked with transport processes as well. (Table I) , neither of these acyl-CoAs is desaturated by reactions that occur in the ACP-track. This is obviously due to the lack of acyl-CoA:ACP transacylase in higher plants (26) .
From the foregoing discussion, it is evident that labeled exogenous oleic acid is not desaturated, but elongated to some extent, and the unlabeled endogenous oleic acid is elongated by labeled acetate or malonate, whereas labeled oleic acid, formed endogenously by de novo synthesis from radioactive acetate or malonate, is desaturated to linoleic acid (Table II) . These findings indicate that separate pools ofoleic acid might be involved in desaturation and chain elongation reactions. It has been suggested for developing nasturtium cotyledons that two pools of oleate might be a result of spatial/temporal heterogeneity of the tissue as much as separate pools within the same cell (17) . It seems that at the particular stage of development of mustard seed cotyledons exogenous oleic acid can enter the pool for elongation only, whereas oleic acid synthesized endogenously can enter the pools for desaturation as well as elongation. (Table II) , and also upon incubation with exogenous radioactive palmitic, stearic, and oleic acids, some labeling of PA, DG, and MG, and concomitantly, extensive labeling of TG are observed (Table III) . These results, taken together with the data from crambe seed (6) , indicate that in seeds of higher plants the glycerol-3-P pathway ( 11) (Table III) indicates a fast turnover of PA and DG containing erucoyl moieties into TG and/or a rapid esterification of preformed DG by erucoyl-CoA.
From all the exogenous FA tested, highest labeling of MGDG is observed with linoleic and linolenic acids, whereas in each case very little labeling of DGDG occurs (Table III) . This lends some support to the involvement of MGDG in the desaturation of linoleic acid, as proposed for leaftissues (8, 9, 20) . The formation of very little labeled TG from exogenous linoleic and linolenic acids, as compared to other FA, is noteworthy (Table III) . Labeling of lipid classes by saturated and monounsaturated FA, synthesized from radioactive acetate, is shown in Table IV . Although the fluxes of label through the lipid intermediates were not determined, a close resemblance in the composition and relative specific activity of the labeled palmitoyl, stearoyl, and oleoyl moieties in PA, DG, and PC is in good agreement with the common biosynthetic origin of these lipids. The major difference in the composition of labeled acyl moities of TG, as compared to those of PA, DG, and PC, lies in the occurrence in TG of very long-chain saturated acyl moieties and tetracosenoyl moieties, greatly reduced levels of oleoyl moieties, and largely increased levels of erucoyl moieties (Table IV) . These observations can be accounted for by preferential conversion of PA and The occurrence of substantial proportions of labeled icosenoyl and erucoyl moieties in PC (Table IV) indicates that cholinephosphotransferases might not totally discriminate DG containing these very long-chain monounsaturated acyl moieties, as suggested for the crambe seed (1) . Moreover, acyltransferases involved in the formation of PC (13, 29) do not seem to reject totally the very long-chain monounsaturated acyl-CoAs as acyl donors. The occurrence oflabeled icosenoyl and erucoyl moieties in both PC and PE/PG might be due to deacylation-reacylation reactions as well. (8, 9, 20) that desaturation of linoleic acid occurs while this fatty acid is esterified in MGWD. (Table V) , which are essentially the same lipid classes that contain labeled very long-chain FA, derived from endogenous oleic acid by chain elongation with radioactive acetate (Table IV) . Apparently, the very long-chain monounsaturated FA, derived from either endogenous or exogenous oleic acid, are metabolized via the glycerol-3-P pathway. Among the elongation products of exogenous oleic acid, labeled icosenoic acid is esterified to a much greater extent to TG than DG or PA, and labeled erucic acid is found almost exclusively in TG (Table V) . These findings are in excellent agreement with the selective incorporation into TG of both exogenous [14' 4C]erucic acid (Table II) and labeled erucic acid synthesized from endogenous oleic acid by elongation with radioactive acetate (Table IV) . Apparently, a major pool of very long-chain monounsaturated FA, especially the erucic acid, is esterified to preformed DG.
Minor differences are observed in the metabolism of erucic acid derived from different sources. Thus, while exogenous [14- 14C]erucic acid or labeled erucic acid, synthesized endogenously from radioactive acetate, seem to be metabolized to some extent to PC (Tables III and IV) , no such conversion seems to occur with erucic acid, derived by elongation of exogenous [l-_4C]oleic acid (Table V) .
The findings reported here suggest that the pathways outlined in Figure 1 are mainly operative in the biosynthesis of TG in developing mustard seed cotyledons. Palmitic, stearic and oleic acid, synthesized in the ACP-track, are channeled to the CoAtrack and transferred to TG and other acyl lipids via the glycerol-3-P pathway. Pools of stearoyl-CoA and oleoyl-CoA are elongated to very long-chain saturated and monounsaturated acylCoA, respectively. While most of the very long-chain saturated acyl-CoAs and a part of very long-chain monounsaturated acylCoAs is esterified to preformed DG, another part of very longchain monounsaturated acyl-CoAs is converted to TG via PA and DG.
The pathways leading to TG containing linoleoyl and linolenoyl moieties are not quite clear from the present data. It has been suggested that, in linseed and safflower seed oleoyl-PC, derived from DG via glycerol-3-P pathway, is converted to linoleoyl-PC and subsequently the linoleoyl moieties are transferred to TG via DG (23) . More recently, it has been proposed for soybean (25) that acyl exchange between oleoyl-CoA and PC yields oleoyl-PC, which is desaturated to linoleoyl-PC. Thereafter, the linoleoyl moieties undergo acyl exchange to yield linoleoyl-CoA which is finally metabolized to TG via the glycerol-3-P pathway. Neither of these pathways are compatible with the data obtained with mustard seed cotyledons. Thus, both exogenous and endogenous linoleic acid is channeled to DG and MGDG, but little labeling of TG occurs (Tables III and IV) . It is possible that at the particular stage of development of the mustard seeds, DG containing linoleoyl moieties is converted to MGDG rather than to TG.
The data on the labeling of lipids from exogenous as well as endogenous linoleic and linolenic acids (Tables III and IV) support the involvement of MGDG in the desaturation of linoleic acid. Consequently, the linolenoyl moieties of MGDG ought to be transferred to TG. However, exogenous linolenic acid is channeled only to a small extent to TG, but largely to MG, DG, and MGDG (Table III) , and endogenous linolenic acid is esteri- fied exclusively in MGDG (Table IV) . This again seems to have a bearing with the stage of seed development, where DG containing linolenoyl moieties is preferentially converted to MGDG rather than to TG. LITERATURE CITED
